Abstract Pyruvate carboxylase is a major enzyme for biosynthesis of organic acids like; citric acid, fumeric acid, and L-malic acid. These organic acids play very important role for biological remediation of heavy metals. In this study, gene walking method was used to clone and characterize pyruvate carboxylase gene (F3PYC) from heavy metal resistant indigenous fungal isolate Aspergillus flavus (F3). 3579 bp of an open reading frame which encodes 1193 amino acid protein (isoelectric point: 6.10) with a calculated molecular weight of 131.2008 kDa was characterized. Deduced protein showed 90-95% similarity to those deduced from PYC gene from different fungal strains including; Aspergillus parasiticus, Neosartorya fischeri, Aspergillus fumigatus, Aspergillus clavatus, and Aspergillus niger. Protein generated from the PYC gene was a homotetramer (a4) and having four potential N-linked glycosylation sites and had no signal peptide. Amongst most possible N-glycosylation sites were -N-S-S-I-at 36 amino acid, -N-G-T-V-at 237 amino acid, N-G-S-S-at 517 amino acid, and N-T-S-R-at 1111 amino acid, with several functions have been proposed for the carbohydrate moiety such as thermal stability, pH, and temperature optima for activity and stabilization of the three-dimensional structure. Hence, cloning of F3PYC gene from A. flavus has important biotechnological applications.
Introduction
Pyruvate carcoxylase is ecologically, medically, and industrially important enzyme and is widely distributed in a great variety of organisms such as fungi, bacteria, and plants as well as higher organisms (Dunn et al. 1997; Moller 2001; Pfefferle et al. 2003) . Many filamentous fungi uses this enzyme for growth and, in some cases, for acid production (e.g., citric, malic, and fumaric acids) (Kenealy et al. 1986) . PYC is therefore considered as crucial enzyme for intermediary metabolism, controlling fuel partitioning toward gluconeogenesis, lipogenesis, and insulin secretion (Mukhopadhyay et al. 2001; Branson et al. 2002) .
Oxaloacetate is a key intermediate in tricarboxylic cycle (TCA) and is formed in reaction between pyruvate and CO 2 through an ATP-dependent reaction by catalysis of PYC enzyme (EC 6.4.1.1). TCA plays amphibolic role in metabolism i.e., as an oxidative device for energy production and also as building blocks for formation of important molecules like porphyrins and many amino acids . While growing in minimal medium in case of yeasts and fungi, two methods for TCA to work efficiently are the reaction under catalysis of PYC and those under isocitrate lyase and malate synthase, which form the glyoxylate bypass. PYC enzyme shares a general mechanism for acid accumulation (e.g., citric, fumaric, malic, oxalic, and itaconic acids) by different filamentous fungi (Kubicek 1988) . In this mechanism, all filamentous fungi share two main characteristics: a central role of a cytoplasmic PYC and a minor involvement of mitochondrial reactions of the TCA cycle in acid synthesis and accumulation (Kubicek 1988) . PYC perform very important function in the accumulation of high concentrations of L-malic acid and fumaric acid by Aspergillus flavus and Rhizopus oryzae (formerly R. nigricans and, later, R. arrhizus), respectively (Mukhopadhyay et al. 2001 ). Acid accumulation is dependent on the operation of part of the reductive branch of the TCA cycle (i.e., pyruvate to oxaloacetate to malate to fumarate) (Peleg et al. 1989 ). Contrary to most eucaryotic organisms, which contain a mitochondrial pyruvate carboxylase (Osmani and Scrutton 1985; Purohit and Ratledge 1988) this enzyme activity is localized exclusively in the cytosolic fraction in several filamentous fungi, such as A. nidulans (Osmani and Scrutton 1983) , R. oryzae (Osmani and Scrutton 1985) , and A. terreus. However, currently it was observed that in two strains of Aspergillus niger which apparently accumulate citric acid, the PYC activity was located solely in the mitochondria (Purohit and Ratledge 1988) , which is a characteristic of higher eucaryotic cells.
In yeast, a genetic study showed that expression of Escherichia coli phosphoenolpyruvate carboxylase can harmonize the phenotypic effects of PYC deficiency (Flores et al. 2000) . The anaplerotic role of PYC is considered important for normal growth in Rhizobium etli (Dunn et al. 1996) . Two principal pathways for the replenishment of oxaloacetate levels are through carboxylation of pyruvate by PC and from glyoxylate cycle in Saccharomyces cerevisiae (Barnett and Kornberg 1960) . However, so far, no study on the cloning and characterization of PYC gene from A. flavus has been reported yet.
Purpose of this study is cloning and characterization of pyruvate carboxylase gene (F3PYC) from indigenous fungal strain A. flavus (F3) through genome walking.
Materials and methods

Growth media
Fungal isolation, colony, and cell morphology for fungal identification were done by using Malt extract agar (MEA), Potato dextrose agar (PDA), Czapek yeast extract agar (CYA), and Sabouraud dextrose agar (SDA) media, supplemented with 0.05% chloramphenicol (Nonaka et al. 2011; Khan et al. 2014 ).
Isolation of the pyruvate carboxylase (PYC) gene
Genomic DNA extraction
The total genomic DNA of the fungal isolate F3 was isolated and purified by using the methods as described by AlSamarrai and Schmid (2000) .
F3PYC primer designing
The sequence of the PYC genes of Aspergillus spp. was selected to design primer of their conserved sequences in order to identify the F3PYC gene in A. flavus (F3) strain (Fig. 1) . The genomic DNA was used as the template to amplify 5 0 and 3 0 regions of the F3PYC gene in (F3) strain with the primes; F3PYC-s: 5 0 -ATYATYAAGGCYGCY TTTGGYGGTGGT-3 0 and F3PYC-a: 5 0 -ATCTTCAT GGCVCTCAGSACVGC-3 0 .
Polymerase chain reaction (PCR)
The polymerase chain reaction (PCR) for amplification and sequencing of PYC from the fungal strain A. flavus (F3) was performed by using the F3PYC-s and F3PYC-a primers. The reaction system (50 ll) was composed of dNTP 0.8 mM, 10 9 buffer 2.5 ll, F3PYC-s and F3PYC-a, H 2 O 37 ll, 0.5 mM, MgCl 2 1.5 mM, Taq DNA polymerase 1.25 U, and template DNA 1.0 ll. The conditions for the PCR amplification were: at 94°C for 10 min initial denaturation then at 94°C for 1 min denaturation occurs, annealing temperature at 47°C for 30 min then extension at 72°C for 3 min and final extension at 72°C for 10 min occurs. PCR was run for 32 cycles and PCR cycler was Gene Amp PCR System 2400 made by Perkin-Elmer.
Gel electrophoresis
Agarose gel DNA electrophoresis was performed by the modified method of Saghai-Maroof et al. (1984) . For getting 2% solution, 2 g of agarose (BioRad agarose, Qiagen) was prepared in 98 ml 19 TAE (Tris/Acetate/EDTA) buffer and heated to boiling point in a water bath. Before adding 3 ml ethidium bromide (Et Br) (10 mg l -1 in water to a final concentration of 0.5 lg ml -1 ) the solution was allowed to cool to 60°C and thoroughly mixed. In glass plates, the gel was poured. Polymerase chain reaction products were slowly loaded (5 ll) into the wells. 5 V cm -1 voltage was applied to the gel for the electrophoresis run and gDNA and to view PCR product using the Vacutec Gel documentation system and product size confirmed by comparison to D2000 Marker.
Recombination and transformation
Ligation of pGEM-T easy vector into the recovered PCR products was done and transformation into competent cells of E. coli JM109 was performed. The transformant were selected on plates with ampicillin. In order to confirm that the PCR products had been ligated into the vector, the colony PCR was used for amplification of cloned PYC gene in the E. coli strain, respectively. The reaction system and the conditions for PCR amplification were same as described above. The positive transformant E. coli containing the recombinant plasmid fragment inserted on the vector were sequenced by Shanghai Sangon Company ((http://www.life-biotech.com/company/about_us.html).
Sequencing analyses
Blast on NCBI by using Protein BLASTX analysis of the above obtained sequences was done (http://blast.ncbi.nlm. nih.gov/Blastx.cgi). Sequencing was further analyzed for oligonucleotide and deduced amino acid sequence by the DNAMAN Program (Lynnon 6BioSoft, Vandreuil, Canada). The sequence was submitted to GenBank with the accession number KT345940.
Cloning of the full-length PYC gene using genome walking
The genomic walking was performed by using a TAKARA Genome Walking Kit (D316) provided with four unique degenerate kit primers with lower annealing temperature i.e., AP1-4. The total six specific primers; Ffsp3/Ffsp2/Ffsp1and Frsp3/Frsp2/Frsp1 (Table 1) , were designed according to the cloned partial sequence PYC gene (KT345940) encoding the PYC in A. flavus (F3). Each set of the specific primers was pointing outwardly from a known sequence end and their designing was based on the Kit manufacturer's basic principles, such as: (1) the distance between each of the two primers should be in between 60 and 100 bp, and (2) the length of each primer should be 22-26 nt, GC content should be 45-55% and Tm value should be 60-70°C. The one of the kit based degenerate primers (AP) was used in combination with the specific primers to obtain the flanking unknown sequences by three nested PCR reactions as described by Khan et al. (2016) .
Gel analysis and DNA sequencing
Through agarose gel electrophoresis the PCR products were checked, separated and then sequenced as mentioned above. NCBI ORF finder program was used to analyze the PCR products after sequencing, and aligned with the known sequences of genes encoding the PYC from different fungi by NCBI BLASTn, 3579 bp of the PYC gene in A. flavus (F3) was obtained and the PYC gene was named F3PYC (accession number KT345940).
Results and discussion
Isolation of the gene encoding pyruvate carboxylase from Aspergillus flavus
The total genomic DNA of the fungal isolate A. flavus (F3) was isolated and PYC gene was amplified with the help of degenerate primers based on PYC gene sequences submitted in Data Bank (NCBI/GeneBank) according to the method mentioned in ''Materials and methods''. A single PCR product of the expected fragment size (about 3000 bp) was achieved (Fig. 2 ).
Recombination and transformation
Recombination and transformation of PCR amplified expected PYC gene was done by using pGEM-T easy vector (https://worldwide.promega.com/products/pcr/pcrcloning/pgem_t-vector-systems/?activeTab=1) and E. coli JM109 competent cells (Code #D9052, TaKaRa) (Fig. 3a) . Furthermore, the recombinant E. coli JM109 competent cells were additionally confirmed (further/2nd method of recombinant confirmation) and selected through colony PCR with help of vector-based M-13 primers (Fig. 3b) . Furthermore, positive recombinants were sequenced by Shanghai Sangon Company.
Analysis of cloned DNA sequence
The NCBI BLASTn analysis was done in contradiction of entire available NCBI database for the identification of DNA fragment which was being inserted in pGEM-T easy Vector. The putative conserved domain was found as blasted NCBI result showed with the top hits from the search result (Fig. 4, Supplementary Material) and Aspergillus ruber CBS135680 |EYE94902|, signifying the inserted or cloned DNA fragment in this specific sequence examination after sequence blast was the result of a specific amplification of PYC gene from genomic DNA of fungal isolate F3.
Cloning of full-length PYC gene encoding partial pyruvate carboxylase in A. flavus (F3)
According to the sequence of partial pyruvate carboxylase gene (accession number KT345940) the primers were designed and used for amplification of the full-length PYC gene from genomic DNA of A. flavus (F3) by genomic walking method as described in ''Materials and methods''. Finally, the sequence of the genomic walking PCR products were aligned with the known sequences of the genes encoding pyruvate carboxylase from different fungi by NCBI BLASTn and BLASTx. In A. flavus (F3), the fulllength gene which was encoding PYC was obtained and it was named F3PYC gene (accession number KT345940).
Analysis of the protein sequence deduced from F3PYC gene
BLASTn program was used for the alignment and comparison of the protein sequence deduced from the F3PYC gene with sequences in the protein databases, which gave the following results. The deduced protein from pyruvate carboxylase gene showed 94 and 89% similarity with PYC of Aspergillus parasiticus and Aspergillus terreus, respectively. The protein deduced from the PYC gene had no signal peptide and had the biotin carboxylase (BC) domain, Page 7 of 11 245 molecular mass of P. rubens PYC is 127.531 kDa, and the number of amino acid residues of their mature proteins of PYC from P. rubens, is 1177 (Fu et al. 2015) . The N-glycosylation sites of the protein was also analyzed at http:// cbs.dtu.dk/services/NetNGlyc and the results obtained showed that there were four potential N-linked glycosylation sites of the protein, among them, -N-S-S-I-at 36 amino acid, -N-G-T-V-at 237 amino acid, N-G-S-S-at 517 amino acid, and N-T-S-R-at 1111 amino acid, were the most possible N-glycosylation sites (Fig. 5, Supplementary Material) . In contrast, it has been reported that PYC from P. rubens have three potential glycosylation sites (Martin et al. 2007) , respectively. PYC determines the yield in a commercial amino acid production process (Pfefferle et al. 2003) and CO 2 fixation rates in Rhizobium species (Dunn et al. 1997) . Some studies on Rhizopus sp. and an Aspergillus sp. were performed for acid production (Haarasilta and Taskinen 1977; Pfefferle et al. 2003) . It was found that ORF of the cloned gene had 3579 bp encoding 1193 amino acids and was not disrupted by any intron. The size of ORFs encoding PYC from Penicillium rubens is 1191 bp (Fu et al. 2015) . It mean that size of the F3PYC gene cloned in this study and the amino acids deduced from the gene were almost the same as those from other fungi. It was confirmed that most of the genes encoding PYC from fungi have no intron (Fu et al. 2015) . Results in our study showed similarity with these studies.
Furthermore, sequence similarity analysis of the nucleotide sequence of pyruvate carboxylase (F3PYC) from A. flavus (F3) strain showed *0.5% difference compared with PYC of A. parasiticus, N. fischeri, A. fumigatus, A. clavatus, A. niger, A. kawachii, A. ochraceoroseus, and A. ruber. Moreover, the predicted amino acid sequence holds a conserved domain of the family Aspergillus (Fig. 6, Supplementary Material) . The protein 3D structure analysis deduced from the F3PYC gene at http:// swissmodel.expasy.org/, showed ribbon model representation of the pyruvate carboxylase from A. flavus F3, with homotetramer (a4) structure (Fig. 7) .
No signal peptide was seen in the F3PYC deduced from the cloned gene, was a homotetramer (a4), and containing biotin carboxylase (BC) domain, the carboxyl transferase (CT) domain, the biotin carboxyl carrier protein (BCCP) domain, and the central allosteric domain. In fact, in all eukaryotes and most prokaryotes, PYC is a homotetramer (a4), with each monomer containing four functional domains: BC domain, CT domain, BCCP domain, and the central allosteric domain (Lietzan and Maurice 2013; Fu et al. 2015; Khan et al. 2017 ). In the a4 PYC, the N-terminus of the polypeptide chain having the BC domain. Biotin by using bicarbonate as a substrate in a reaction is carboxylated in the BC domain which is involved in MgATP cleavage to form carboxybiotin, MgADP, and Pi and that requires free Mg 2? . The CT domain holds a tightly bound transition metal ion and is the central domain in which the carboxyl group from carboxybiotin is transferred to pyruvate to form oxaloacetate. The BCCP domain, located at the C-terminus, contains the lysine residue to which the biotin is attached (Jitrapakdee et al. 2008) . 
Conclusion
PYC enzyme takes part in the accumulation of TCA cycle intermediates in fungi. In study above, full-length F3PYC gene was isolated and characterized (accession number KT345940) from A. flavus (F3) strain with *5.0% amino acid sequence difference compared with the PYC genes of other fungi, with an open reading frame (ORF) containing 3579 bp encoding a protein of 1193 amino acids. The protein deduced from the PYC gene had no signal peptide, was a homotetramer (a4) and four potential N-linked glycosylation sites, among them, -N-S-S-I-at 36 amino acid, -N-G-T-V-at 237 amino acid, -N-G-S-S-at 517 amino acid, and -N-T-S-R-at 1111 amino acid, were the most possible N-glycosylation sites. If fungus requires CO 2 for its metabolism besides its own reserves, the ten times up- Fig. 7 The ribbon representation of the secondary structure elements of the F3PYC from A. flavus F3. This ribbon representation is showing a homotetramer (a4) (the purple, green, yellow, and blue) at http:// swissmodel.expasy.org/ Fig. 6 continued regulation of the pyruvate carboxylase is needed to incorporate CO 2 for metabolism of fungus to generate more acids to enhance the process of bioremediation because pyruvate carboxylase enzyme incorporates this additional carbon source into oxaloacetate more effectively. This oxaloacetate in turn would be needed for fungal growth activation and other processes like gluconeogenesis and amino acid biosynthesis, etc. (Jitrapakdee et al. 2008) . Therefore, our all previous findings show that F3PYC gene isolated from A. flavus (F3), which has high potential in the production of organic acid which may be very useful in remediation applications.
